Using the low energy effective Hamiltonian with the generalized factorization, we calculate the new physics contributions to B → π + π − , Kπ and Kη ′ in the Topcolorassisted-Technicolor(TC2) model, and compare the results with the available data. By using F Bπ 0 (0) = 0.20 ± 0.04 preferred by the CLEO data of B → π + π − decay, we find that the new physics enhancements to B → Kη ′ decays are significant in size, ∼ 50% with respect to the standard model predictions, insensitive to the variations of input parameters and hence provide a simple and plausible new physics interpretation for the observed unexpectedly large B → Kη ′ decay rates.
In two-body charmless hadronic B meson decays, new physics beyond the standard model (SM) may manifest itself through large enhancements to those penguin-dominated decay modes: decays which are expected to be rare in the SM are found to have large branching ratios. These potential deviations may be induced by the virtual effects of new physics through penguin and/or box diagrams [1, 2, 3, 4] .
In the framework of the SM, the two-body charmless hadronic decays B → h 1 h 2 [ where h 1 and h 2 are the light pseudo-scalar (P) and/or vector(V) mesons ] have been studied systematically by many authors [5, 6, 7, 8, 9] . On the experimental side, fourteen B u,d → P P, P V decay channels have been observed by CLEO, BaBar and BELLE Collaboration [10, 11, 12, 13, 14] :
By comparing the theoretical predictions with experimental measurements one finds the following main points:
• The effective Hamiltonian with generalized factorization approach generally works well to interpret the observed pattern of branching ratios. The penguin effects are clearly observed [15] .
• There may exist a problem to accommodate the data of ππ and Kπ simultaneously [16] .
• The η ′ K puzzle: the B → Kη ′ decay rates are much larger than what one ordinarily expected in the SM [12, 16] .
Since 1997, the unexpectedly large branching ratio of B → Kη ′ has stimulated much interests in literature [17, 18, 19, 20, 21] . In order to accommodate the data, one may need an additional contribution unique to the η ′ meson in the framework of the SM, or new physics enhancements from new physics models beyond the SM to explain the B → Kη ′ puzzle [12] . In a previous paper [22] , we considered the second possibility and calculated the new physics effects on the branching ratios and CP-violating asymmetries of fifty seven B → P P, P V decay modes in the Topcolor-assited Technicolor (TC2) model [23] , and found that the new physics enhancement to the penguin-dominated decay modes can be significant. In another paper [24] , we calculated the new physics contributions to branching ratios of seventy six B → h 1 h 2 decay modes in the general two-Higgs-doublet models (models I, II and III).
In this letter, we concentrate on the new physics contributions to seven observed B decay modes: B → π ± π ∓ , Kπ and B → Kη ′ in the TC2 model. Particular attention is devoted to the details of B → Kπ and B → Kη ′ decays when a smaller F Bπ 0 (0) = 0.20 ± 0.04 instead of the ordinary F Bπ 0 (0) = 0.33 are used. The effective Hamiltonian for the two-body charmless decays B → h 1 h 2 are now known at next-to-leading order (NLO) [25, 8, 9] . The standard theoretical frame to calculate the inclusive three-body decays b → sqq 1 is based on the effective Hamiltonian [8] ,
where the operator basis contains the current-current operators Q 1,2 , the QCD penguin operators Q 3−6 , the electroweak penguin operators Q 9−10 and the chromo-magnetic dipole operator Q g , the explicit expressions can be found easily for example in Ref. [8] . Following Ref. [8] , we also neglect the effects of the electromagnetic penguin operator Q 7γ , and do not consider the effect of the weak annihilation and exchange diagrams. The coefficients C i in Eq.(2) are the well-known Wilson coefficients. Within the SM and at scale M W , the Wilson coefficients C 1 (M W ), · · · , C 10 (M W ) at NLO level and C g (M W ) at LO level have been given for example in [25] .
Following the same procedure as in the SM, it is straightforward to calculate the new γ-, Z 0 -and gluonic penguin diagrams induced by the exchanges of unit-charged scalars, the technipion π ± 1 , π ± 8 and top-pionπ ± appeared in the TC2 model 2 . After including the new physics (NP) contributions induced by new penguin diagrams, the Wilson coefficients C i (M W ) i = 1, · · · , 10 at NLO level and C g at leading-order (LO) can be written as
where
are the familiar Inami-Lim functions which describe the contributions from the W -penguin and Box diagrams in the SM and can be found, for example, in Refs. [25, 4] . The functions C
and E ′ N P 0 describe the new physics contributions to Wilson coefficients in the TC2 model as given in Ref. [22] ,
, and
The first term in Eq. (14) arises from the top-pion penguins, while the second and third term correspond to the color-singlet and color-octect technipion penguin respectively. For all four functions, the top-pion penguins always dominate absolutely [22] .
In numerical calculations, we use the following parameters of the TC2 model as input parameter. Since the new physics contributions from technipions π 
where F π and Fπ are the decay constants for technipions and top-pions, respectively. For mπ, we consider the range of mπ = 200 ± 100 GeV to check the mass dependence of branching ratios of two-body charmless hadronic B meson decays studied. All other relevant input parameters, such as the quark masses and form factors, etc., are given in the Appendix.
Since the heavy charged pseudo-scalars appeared in TC2 model have been integrated out at the scale M W , the QCD running of the Wilson coefficients C i (M W ) down to the scale µ = O(m b ) after including the NP contributions will be the same as in the SM. In the NDR scheme, by using the input parameters as given in Appendix and Eq. (24) and setting µ = 2.5 GeV, we find that:
. In this letter, the generalized factorization ansatz 3 as being used in Ref. [9, 22] will be employed. For the studied seven B meson decay modes, we use the decay amplitudes as given in Ref. [8] without further discussion about details. We focus on estimating the new physics effects on these seven measured decay modes.
In the NDR scheme and for SU(3) C , the effective Wilson coefficients can be written as [9] 
T , the matricesr V and γ V contain the process-independent contributions from the vertex diagrams, and can be found, for example, in Refs. [9, 29] . The function C t , C p , and C g describe the contributions arising from the penguin diagrams of the current-current Q 1,2 , the QCD operators Q 3 -Q 6 , and the tree-level diagram of the magnetic dipole operator Q 8G , respectively. The explicit expressions of the functions C t , C p , and C g can be found for example in Refs. [9, 22] . We here also follow the procedure of Ref. [7] to include the contribution of magnetic gluon penguin.
In the generalized factorization ansatz, the effective Wilson coefficients C eff i will appear in the decay amplitudes in the combinations,
where the effective number of colors N eff c is treated as a free parameter varying in the range of 2 ≤ N eff c ≤ ∞, in order to model the non-factorizable contribution to the hadronic matrix elements. Although N eff c can in principle vary from channel to channel, but in the energetic two-body hadronic B meson decays, it is expected to be process insensitive as supported by the data [9] . As argued in Ref. [17] , N In the B rest frame, the branching ratios B(B → P P ) can be written as
where Γ tot (B 
is the magnitude of momentum of particle X and Y in the B rest frame. For the seven studied B meson decay modes, currently available measurements from CLEO, BaBar and Belle Collaborations [11, 12, 13, 14] are as follows:
[CLEO], (18.8
[CLEO], (12.5 [BELLE], (32)
The measurements of CLEO, BaBar and BELLE Collaboration are consistent with each other within errors.
In Table 1 , we present the theoretical predictions of the branching ratios for the seven B → P P decay modes in the framework of the SM and TC2 model by using the form factors from Baner, Stech and Wirbel (BSW) model [31] and Lattice QCD/QCD sum rule (LQQSR) model [32] form factors, as listed in the first and second entries respectively. 
By comparing the theoretical predictions with data, the following points can be understood:
− decay, the SM prediction is clearly larger than the CLEO measurement, but agree with BaBar measurement, while the BaBar measurement has a larger error than CLEO. The new physics contribution to this tree-dominated decay mode is negligibly small.
• For four B → Kπ decays, the SM predictions are agree with experimental measurements. In TC2 models, the theoretical predictions are generally larger than the data but still agree with the data with 2σ errors [22] since both the theoretical and experimental errors are still large now.
• For B
′ decay, the SM predictions are clearly much smaller than the data (especially the CLEO measurement). But the new physics enhancement can make the theoretical predictions in the TC2 model become agree with CLEO/BaBar data within one standard deviation.
The unexpectedly large B → Kη ′ decay rates were firstly observed in 1997 [33] , and confirmed recently with the full CLEO II and II.V samples [11] . The earlier SM predictions in the range of (1 − 2) × 10 −5 are too small compared with experiment. In the framework of the SM, the B → Kη ′ decays can be enhanced through [16] (i) the small running mass m s at the scale m b 4 , (ii) the sizable SU(3) breaking in the decay constant f 0 and f 8 , (iii) larger form factor F Bη ′ 0 (0) due to the smaller η − η ′ mixing angle −15.4 0 rather than ≈ −20
• , (iv) contribution from the η ′ charm content, and (v) constructive interference in tree amplitudes. However, as pointed out in Ref. [18, 7] , the above mentioned enhancement is partially washed out by the anomaly effects in the matrix element of pseudoscalar densities, an effect overlooked before. As a consequence, the net enhancement is not very large:
as given in Ref. [21] . In the TC2 model, on the other hand, the new gluonic and electroweak penguins contribute through constructive interference with their SM counterparts and consequently provide the large enhancements, ∼ 50% with respect to the SM predictions, as shown in Table 1 . By using F Bπ 0 (0) = 0.33 and other input parameters as given in the Appendix, one finds numerically that
where the effects induced by the uncertainties of major input parameters have been taken into account. The SM prediction is still smaller than the CLEO result but agree with the BaBar measurement 5 . In Fig.1 , we plot the mass-dependence of B( + π − decay is a tree-dominated decay mode, the new physics correction induced through loop diagrams should be very small, as shown in Table 1 . The CLEO measurement of this mode puts a very stringent constraint on the form factor F Bπ 0 (0): F Bπ 0 (0) = 0.20 ± 0.04 as given in Ref. [34] . In the SM, this smaller form factor will lead to two difficulties:
1. First, the predicted B → Kπ branching ratios will be too small when compared with the data since their decay rates depend on the form factors F and in turn small branching ratios of B → Kη ′ decays. If we use the relation [8] ,
to define F Bη ′ 0
, the SM prediction for the branching ratio B(B → Kη ′ ) will be decreased by about 26%. In Table 2 , we show the branching ratios of seven studied decay modes obtained by using F Table 1 .
In TC2 model, however, the decrease induced by using smaller F Bπ 0 (0) will be compensated by large new physics enhancement and therefore restore the agreement between the theoretical predictions and the data, as illustrated in Fig.2 for the decay B → Kη ′ . By using F Bπ 0 (0) = 0.20 ± 0.04, one finds that
where the effects of major uncertainties have been taken into account.
In Fig.2 , we plot the mass dependence of B( Table 2 , it is easy to see that the new physics enhancement to first three B → Kπ decays and B → Kη ′ decays are still large in size and play an important role to boost the corresponding branching ratios to be consistent with experimental measurements.
For the B → K 0 π 0 decay mode, the SM predictions are always smaller than the data although the error of the data is still very large, as can be seen from Tables 1-2 . For the case of using F Bπ 0 (0) = 0.33, the new physics contribution in TC2 model provide a (10 − 20)% enhancement. For the case of using F Bπ 0 (0) = 0.20, however, the new physics contribution in TC2 model result in a (2 − 12)% decrease. We currently are not sure that whether there is a discrepancy between the theory and the data for this decay mode. This is an open problem now, further refinement of the data will clear this point soon.
In short, we here studied the new physics contributions to the seven observed B → P P decay modes by employing the effective Hamiltonian with generalized factorization. In this letter, particular attention is devoted to the details of B → Kη ′ decays, and to the discussions about currently known mechanisms to enhance this decay mode. We made the numerical calculation by using both F Tables 1-2 and Figs.1-2. We also discussed the difficulties induced by using the smaller F Bπ 0 (0) and shown that one can accommodate the data of π + π − , K + π, and K 0 π + simultaneously after taking into account the new physics contributions. But we are still not sure if there is a discrepancy between the theory and the data for B → K 0 π 0 decay mode. By using whether F Bπ 0 (0) = 0.20 ± 0.04 or 0.33, we always found that the new physics enhancements to B → Kη ′ decays are significant in size, and hence the theoretical predictions of B(B → Kη ′ ) in the TC2 model are agree with CLEO/BaBar data within 2σ errors. This seems to be a simple and plausible new physics interpretation for the observed η ′ K puzzle.
Appendix: Input parameters
In this appendix we present the relevant input parameters.
• Input parameters of electroweak and strong coupling constant, gauge boson masses, light meson masses, · · ·, are as follows (all masses in unit of GeV ) [8, 30] • For the decay constants of light mesons, the following values will be used in the numerical calculations (in the units of MeV): • The relevant form factors are [8] 
in the BSW model [31] , and 
in the LQQSR approach. And the momentum dependence of form factor F 0 (k 2 ) was defined in Ref. [31] as F 0 (k 2 ) = F 0 (0)/(1 − k 2 /m 2 (0 + )). The pole masses being used to evaluate the k 2 dependence of form factors are m(0 + ) = 5.73 GeV forūb anddb currents, and m(0 + ) = 5.89 GeV forsb currents. 
